ABSTRACT: Twenty-four yearling Boer × Spanish wethers were used to assess effects of different forages, either fresh (Exp. 1) or as hay (Exp. 2), on feed intake, digestibilities, heat production, and ruminal methane emission. Treatments were: 1) Sericea lespedeza (SER; Lespedeza cuneata), a legume high in condensed tannins (CT; 20% and 15% in fresh forage and hay, respectively), 2) SER supplemented with polyethylene glycol (SER-PEG; 25 g/d), 3) alfalfa (Medicago sativa), a legume low in CT (ALF), and 4) sorghumsudangrass (Sorghum bicolor), a grass low in CT (GRASS). Experiments were 22 d, which included 16 d for acclimatization followed by a 6-d period for fecal and urine collection, and gas exchange measurement (last 2 d). Intake of OM was 867, 823, 694, and 691 g/d (SEM = 20.1) with fresh forage, and 806, 887, 681, and 607 g/d with hay for SER, SER-PEG, ALF, and GRASS, respectively (SEM = 46.6). Apparent total tract N digestion was greater for SER-PEG vs. SER (P < 0.001) with fresh forage (46.3%, 66.5%, 81.7%, and 73.2%; SEM = 1.71) and hay (49.7%, 71.4%, 65.4%, and 54.8% for SER, SER-PEG, ALF, and GRASS, respectively; SEM = 1.57). Intake of ME was similar among treatments with fresh forage (8.24, 8.06, 7.42, and 7.70 MJ/d; SEM = 0.434) and with hay was greater for SER-PEG than ALF (P < 0.03) and GRASS (P < 0.001) (8.63, 10.40, 8.15, and 6.74 MJ/d for SER, SER-PEG, ALF, and GRASS, respectively; SEM = 0.655). The number of ciliate protozoa in ruminal fl uid was least for SER with fresh forage (P < 0.01) (9.8, 20.1, 21.0, and 33.6 × 10 5 /ml; SEM = 2.76) and hay (P < 0.02) (6.3, 11.4, 13.6, and 12.5 × 10 5 /ml for SER, SER-PEG, ALF, and GRASS, respectively; SEM = 1.43). Methane emission as a percentage of DE intake was lower (P < 0.01) for SER vs. ALF and GRASS with fresh forage (6.6, 8.3, 9.4, and 9.2%; SEM = 0.64) and hay (4.3, 4.9, 6.4, and 6.7% for SER, SER-PEG, ALF, and GRASS, respectively; SEM = 0.38). In summary, methane emission in this short-term experiment was similar between a legume and grass low in CT as fresh forage and hay. The CT in SER markedly decreased N digestibility and elicited a moderate decline in ruminal methane emission. Supplementation with PEG alleviated the effect of CT on N digestibility but not ruminal methane emission, presumably because of different modes of action. In conclusion, potential of using CT-containing forage as a means of decreasing ruminal methane emission requires further study, such as with longer feeding periods.
INTRODUCTION
Minimizing methane emission by ruminant livestock species is of interest in terms of greenhouse gas production and effi ciency of energy use. Puchala et al. (2005) and Animut et al. (2008a) observed marked effects of dietary levels of a grass and lespedeza (Lespedeza cuneata and striata, respectively), high in condensed tannins (CT), on ruminal methane emission by meat goats. However, infl uence of CT could not be conclusively partitioned from that of forage type because a legume low in CT was not included as a control. Animut et al. (2008b) attempted to address this issue by supplementing diets of various CT sources with polyethylene glycol (PEG). However, the rapidity and completeness of ruminal binding and deactivation of CT by PEG were uncertain and recently potential effects of PEG on the bacterial community unrelated to CT have been shown (Belenguer et al., 2011) .
Drying forage may affect the structure and amount of CT (Makkar, 2003; Ohlenbusch et al., 2007) , but whether this is a consideration with forage processing methods, such as hay harvesting, is unclear. Furthermore, because effects on ruminal methane emission per unit of CT are greater with low vs. high dietary amounts (Animut et al., 2008a) , potentially reduced amounts or activity in dry vs. fresh forage may still have considerable effect. Such knowledge would be important for developing strategies of adding CT-containing forage to diets to decrease ruminal methane emission. Therefore, the primary objective of this study was to compare ruminal methane emission of yearling meat goats consuming diets of fresh forage or hay of legumes high or very low in CT, a high-CT legume with PEG, and grass very low in CT. As CT can impact conditions other than ruminal methane emission, secondary objectives involved feed intake, digestion, number of ruminal microbes, and heat production.
MATERIALS AND METHODS
Experimental protocols were approved by the Langston University Animal Care Committee.
Animals and Treatments
Twenty-four yearling Boer × Spanish goat wethers were used. Treatments were: 1) Sericea lespedeza (SER; Lespedeza cuneata), high in CT (20% and 15% in fresh forage and hay, respectively), 2) SER supplemented with polyethylene glycol (SER-PEG; 25 g/d), 3) alfalfa (Medicago sativa), a legume low in CT (ALF), and 4) sorghum-sudangrass (Sorghum bicolor), a grass low in CT (GRASS). For SER-PEG, the PEG was mixed with 50 g/d of ground corn, which was offered before lespedeza and quickly and completely consumed. Feeding was at 1.3 times the assumed ME requirement for maintenance of goats incurring normal pen or stall activity (452 kJ ME/kg BW 0.75 ; Luo et al., 2004; Sahlu et al., 2004) . Forage samples were analyzed for IVDMD, which was used to derive DE, assuming a GE concentration of 18.447 MJ/kg DM. The ME content was then calculated as 82% of DE (AFRC, 1998) and used to determine the amount fed. All animals had free access to water and trace mineralized salt (Big 6 Mineral Salt; American Stockman, Overland Park, KS; 2,400 mg/ kg Mn, 2,400 mg/kg Fe, 260-380 mg/kg Cu, 320 mg/kg Zn, 70 mg/kg I, and 40 mg/kg Co; as-fed basis).
Experiment 1 was conducted in mid-August with fresh forage. First growth forages were harvested daily at ~0700 h, using a small, self-propelled Troy-Bilt sickle bar mower (Garden Way Incorporated, Troy, NY) at an approximate height of 6 cm. Experiment 2 was conducted in early November with dry hay harvested in late summer, also from fi rst-growth forage in adjacent pastures that had not been grazed on during the season.
Measurements
Each experiment lasted 22 d, with the fi rst 16 d for acclimatization to the diet and 6 d for data collection. After acclimatization to treatment diets, there was a 6-d period for total feces and urine collections and sampling. On the last 2 d of this 6-d sampling period, methane and carbon dioxide emissions and oxygen consumption were measured. The indirect, open-circuit respiration calorimetry system used in this study had 4 head boxes (Sable Systems International, Las Vegas, NV), allowing gas exchange measurement on 4 animals at the same time. Thus, 6 groups of 4 goats each, with 1 assigned randomly from each treatment, were formed. These groups began the experiment sequentially, 2 d apart. Feed intake, feces, and urine data over the 6-d digestibility period were applied to gas exchange measures over d 21 and 22. For acclimatization to diets, goats were placed in elevated 1.2 × 2 m pens with plastic-coated, expanded metal fl oors. Feces and urine collection, and respiratory measurements occurred while wethers were in metabolic crates (0.7 × 1.2 m). During the entire experimental period, goats were fed equal portions of feedstuffs at 0800 and 1500 h, and had free access to water and trace mineralized salt blocks (Big 6 Mineral Salt).
Feed was sampled each day and weekly composite samples of feedstuffs were formed. Feed refusals were weighed daily and sampled during the 6-d digestibility period. Feces were collected in wire-screen baskets placed under the fl oor of the metabolism crates to keep feces and urine separate, and urine was collected with a funnel sloping or draining into plastic buckets containing 10 mL of 10% (vol/vol) of sulfuric acid. Aliquots of feces and urine (15%), and ~40 g of orts were sampled daily and used to form composite samples for each goat. All samples were stored at -20°C until analysis.
Oxygen concentration was analyzed, using a fuel cell FC-1B oxygen analyzer (Sable Systems International) and methane and carbon dioxide concentrations were measured with infrared analyzers (CA-1B for carbon dioxide and MA-1 for methane; Sable Systems International). Before gas exchange measurements for each goat group, analyzers were calibrated with gases of known concentrations. Ethanol combustion tests were performed to ensure complete recovery of oxygen and carbon dioxide produced with the same fl ow rates as used during measurements. Recovery averaged 98.9% and 99.1% for oxygen, and 100.4% and 101.0% for carbon dioxide in Exp. 1 and 2, respectively. Heat energy (HE) was calculated according to the Brouwer (1965) 
Immediately after gas measurements concluded at the very end of d 22, ruminal fl uid was sampled via stomach tube. Approximately 50 mL of ruminal fl uid (i.e., 1 sample per goat) was collected ~17 h after the last meal at 1500 h of d 22. A subsample was taken in a sterilized, O 2 -free container within 1 h of sampling for microbial measurements. The pH of the remaining ruminal fl uid was measured immediately, followed by placement of 1 mL into a tube containing 4 mL of a solution of methyl green, formalin, and saline [0.06 g methyl green, 0.85 g sodium chloride, 10 mL of 70% (vol/vol) formaldehyde solution, and 90 mL deionized water] for protozoa enumeration (Kamra et al., 1991) , and 3 mL into a tube with 2 mL of 3 M HCl for ammonia analysis. Samples for ammonia were frozen at -20° C until analysis. Goats were weighed initially, at the beginning and end of the digestibility period, and after calorimetry measurements.
Laboratory Analyses
Samples of hay sources, hay refusals, and feces were ground to pass a 1-mm screen after drying in a forced-air oven at 55 o C for 48 h. Samples were then analyzed for DM (ID 967.03), ash (ID 942.05), and Kjeldahl N (ID 976.06) of AOAC (2006) . Samples were also analyzed for GE, using a bomb calorimeter (Parr 6300; Parr Instrument Co. Inc., Moline, IL) and NDF (Van Soest et al., 1991) , with the addition of a heat-stable alpha amylase and sodium sulfi te. The NDF was determined using an ANKOM200 Fiber Analyzer (fi lter bag technique; ANKOM Technology Corp., Fairport, NY) and expressed inclusive of residual ash. The IVDMD was determined by placing 0.25-g samples in ANKOM F57 fi lter bags and incubating in a DaisyII incubator (ANKOM Technology Corp.). Bags were heat sealed and incubated in buffered ruminal fl uid, using a previously described method (Wilman and Adesogan, 2000) , with NDF as the end-point measure.
Ruminal fl uid for IVDMD was collected from 4 Boer crossbred wether goats grazing native grass pasture and supplemented with ~0.75% BW (DM basis) of a pelleted concentrate, containing 20.3% CP on a DM basis. Urine samples were analyzed for DM (lyophilization); N and GE concentrations in lyophilized urine samples were determined as described above. Forage subsamples were also lyophilized for the analysis of CT with the butanol-HCl colorimetric procedure of Terrill et al. (1992) , using CT extracted (Sephadex LH-20; Sigma Chemical Co., St. Louis, MO) from Sericea lespedeza as the standard (Jackson et al., 1996) . Ruminal fl uid was analyzed for ammonia N (Broderick and Kang, 1980) .
For ruminal microbial analysis, serial 10-fold dilutions of ruminal fl uid were prepared for each sample using the anaerobic dilution solution of Bryant and Burkey (1953) . The dilution range used was from 10 8 to 10 10 for counts of total viable bacteria, and 10 7 to 10 9 for cellulolytic bacteria. Total viable counts were determined in roll-tubes, using the complete medium of Leedle and Hespell (1980) . The cellulolytic medium used was described by Halliwell and Bryant (1963) . Cellulolytic bacterial counts were determined by the most probable number method (Morvan et al., 1994) . All tubes were incubated at 39° C for 2 wk. There was 50 mL of culture media for methanogens (Morvan et al., 1994) , dispensed into serum bottles and inoculated with 1 mL of 10 4 diluted ruminal fl uid and incubated for 3 wk for estimation of methane gas production. Methanogenic cultures were pressurized to 202 kPa with 80% H 2 and 20% CO 2 . Total viable counts were determined by direct count. Methane produced in serum bottles was analyzed using an infrared analyzer (MA-1; Sable Systems International). The gas mixture from the 150-mL bottles used for incubation of methanogens was transferred into a 250-mL glass syringe and injected at a rate of 400 mL/ min into the infrared analyzer through a 5-cm × 1.5-cm column fi lled with granules of calcium sulfate as a desiccant (WA Hammond Drierite Company, Xenia, OH). Ciliate protozoa were enumerated microscopically, using a 0.1-mm deep Neubauer hemocytometer counting chamber (Hausser Scientifi c, Horsham, PA), after fi xing with methyl green formalin saline solution.
Calculations and Statistical Analysis
Intake of DE was calculated as the difference between GE intake and fecal energy. The calculation of energy loss in ruminal methane emission was based on an energy concentration of 39.5388 kJ/L (Brouwer, 1965) , methane in g/d was based on 0.6556 g/L, ME was the difference between DE and the sum of energy in urine and methane, and recovered energy (RE) was the difference between ME and HE. Data from the 2 experiments were analyzed separately. Data were analyzed using general linear models procedures (SAS Inst. Inc., Cary, NC) with the model: Yij = μ + Ti + eij, where Yij is the dependent variable, μ the overall mean, Ti the fi xed treatment effect, and eij the residual. The experimental unit was animal. Least square means were separated by least signifi cant difference when the treatment F-test was signifi cant (P < 0.05).
RESULTS

Forage Composition
The amount of N was greatest for alfalfa, least for sorghum-sudangrass, and less for hay than fresh forage (Table 1 ). The concentration of NDF in Sericea lespedeza and alfalfa was 15.7% and 26.6% units, respectively, greater for hay vs. fresh forage, whereas there was only a 1.8% unit difference between forms of sorghum-sudangrass. The IVDMD was greater for fresh forage than hay, with the magnitude of difference ranking Sericea lespedeza > alfalfa > sorghum-sudangrass. The degree to which IVDMD was greater for alfalfa than Sericea lespedeza was similar between forms; IVDMD for alfalfa and sorghum-sudangrass was similar for hay but 8.2% units greater for alfalfa in the fresh form. The amount of CT in Sericea lespedeza was 4.6% units greater for the fresh form than hay, and the amount in alfalfa and sorghum-sudangrass was very low.
BW, Intake, and Digestion
Intake was ad libitum, with orts averaging 20.0 ± 1.63 and 21.5 ± 2.23% of DM offered in Exp. 1 and 2, respectively. Intake of DM with fresh forage was greater (P < 0.04) for SER and SER-PEG than ALF and GRASS (Table 2) . Results with hay in Exp. 2 were fairly similar, although DMI did not differ (P < 0.13) between SER and ALF. Digestibility of OM with fresh forage was less (P < 0.001) for SER and SER-PEG vs. ALF and GRASS, with no effect of PEG. Conversely, PEG increased OM digestibility with hay (P < 0.01), with the smallest value among treatments for SER (P < 0.01). Polyethylene glycol markedly increased total tract N digestion with both forms of forage (P < 0.001). Treatment rankings in digestibility of N were ALF > GRASS > SER-PEG > SER with fresh forage (P < 0.02) and SER-PEG > ALF > GRASS > SER with hay (P < 0.03). Digestible OM intake did not differ among treatments with fresh forage (P > 0.10) but with hay was greater for SER-PEG than SER (P < 0.06), ALF (P < 0.04), and GRASS (P < 0.01). Supplementation with PEG increased digestible N intake to a similar extent in both experiments (P < 0.01).
Methane and Energy
Supplementation with PEG increased or tended to increase methane emission in MJ/d with fresh forage (P < 0.06) and hay (P < 0.01), up to amounts not different from ALF and GRASS (Table 3) . Methane emission with fresh forage relative to DMI was less for SER than SER-PEG (P < 0.06), ALF (P < 0.002), and GRASS (P < 0.001). Results were fairly similar, expressed relative to GE intake. For hay, methane emissions relative to both DMI and GE intake were less for SER and SER-PEG vs. ALF and GRASS (P < 0.002), and tended to be less for SER than SER-PEG (P < 0.06). The treatment effect in methane emission relative to digestible OM intake tended to be signifi cant (P < 0.07) for the fresh form, with the value for SER being numerically lowest. However, for hay methane emission relative to digestible OM intake was less for SER and SER-PEG than ALF and GRASS (P < 0.02). With fresh forage, methane as a percentage of DE intake (MJ/MJ) was less for SER than ALF and GRASS (P < 0.01), and tended to be less than SER-PEG (P < 0.08). With hay, methane energy as a percentage of DE intake (MJ/MJ) was less for SER and SER-PEG ALF and GRASS (P < 0.01).
Metabolizable energy intake was similar among treatments with fresh forage; with hay, PEG tended (P < 0.07) to increase ME intake (Table 3) . Also, ME intake in Exp. 2 was less for GRASS vs. SER (P < 0.05) and SER-PEG (P < 0.001). Intake of ME as a percentage of DE intake with fresh forage was greater (P < 0.05) for SER than ALF and GRASS and intermediate (P < 0.19) for SER-PEG, and with hay was greater for SER than ALF and GRASS (P < 0.01) and for SER-PEG vs. ALF (P < 0.01) and GRASS (P < 0.08). Recovered energy with fresh forage did not differ among treatments; but with hay, RE was greater (P < 0.02) for SER and SER-PEG than ALF and GRASS. 
Fermentation Variables
Ruminal pH was similar among treatments with fresh forage but lowest for GRASS with hay (P < 0.001; Table 4 ). Ruminal ammonia N concentration did not differ among treatments with fresh forage but with hay ranked SER and GRASS < SER-PEG (P < 0.02) < ALF (P < 0.001). The total number of bacteria was similar among treatments with both forms of forage. Conversely, the number of ciliate protozoa was least among treatments for SER (P < 0.02). The number of ciliate protozoa was greater for GRASS vs. SER-PEG and ALF (P < 0.05) with fresh forage, but with hay the number did not differ among these 3 treatments. The most probable number of cellulolytic bacteria did not differ among treatments with either forage form. Numerically, in vitro methane production with fresh forage was least among treatments for SER; but because of high variability, the difference was not signifi cant. Conversely, with hay, in vitro methane emission was lowest among treatments for SER (P < 0.04), although the magnitude of difference was much less than with fresh forage.
DISCUSSION
Forage Composition
Amounts of N, NDF, and IVDMD refl ect greater stages of maturity when harvested for hay compared with fresh forage. Amounts of CT were in the range of values found in lespedeza in previous experiments with goats at this research site (Puchala et al., 2005; Animut et al., 2008a,b) . The decreased amount of CT in Sericea lespedeza hay than fresh forage may have been due to stage of maturity, as well as processing of hay. However, Terrill et al. (2007) did not observe effects of grinding and pelleting at 70° C on the amount of CT in Sericea lespedeza. Also, Martin-Garcia and Molina-Alcaide (2008) investigated differences in CT concentration among olive leaves in the fresh form, freeze dried, air dried, and oven dried at 60 and 100° C, and found similar amounts in fresh and air-dried forms. 
Intake and Digestion
Effects of CT on DMI have been quite variable, ranging from negative to positive (Landau et al., 2000; Bhatta et al., 2002; Carulla et al., 2005) . In the present experiments, there were no apparent negative effects of CT in Sericea lespedeza on forage intake.
In a previous experiment with feeding of fresh Sericea and Kobe lespedeza (Lespedeza striata) with CT amounts of 14% and 15%, respectively (Animut et al., 2008b) , supplementation with PEG increased digestibility of N but not DM or OM. This was also true in Exp. 1 with fresh forage; although, with hay, PEG increased DM and OM digestibilities by 9%. Reasons for these differences between forms of forage are not readily apparent. However, the magnitude of effect of PEG on N digestibility was quite similar with fresh forage and hay. Based on estimates of true protein digestibility and metabolic fecal CP of Moore et al. (2004) , predicted apparent total tract N digestibility was 67%, 67%, 74%, and 60% with fresh forage, and 62%, 61%, 69%, and 42% with hay for SER, SER-PEG, ALF, and GRASS, respectively. Hence, with fresh forage, PEG increased N digestibility up to the amount anticipated. But with hay, actual N digestibility for SER-PEG was 10% units greater than predicted.
From differences in ruminal ammonia and plasma urea concentrations, Animut et al. (2008b) postulated that most of the effect of PEG on total tract N digestibility with lespedeza diets occurred postruminally, through decreased rebinding of CT to proteins (Arienti et al., 1974) or the prevention of incomplete release of protein initially bound to CT in the rumen (Min et al., 2003) , or both. The lack of effect of PEG on ruminal ammonia concentration with fresh forage in Exp. 1 is in agreement with this rationalization, but a greater concentration for SER-PEG vs. SER with hay in Exp. 2 is not. One factor that could have contributed to this difference is the quantity of protein available for binding to CT in the rumen. That is, with the Sericea lespedeza CP concentration 3.1% units greater in the fresh than hay form, perhaps the proportion of fresh lespedeza protein bound by CT was less. Likewise, the presumably more rapid rate of ruminal microbial degradation of protein of fresh forage than hay could also have limited protein binding by CT.
It is diffi cult to compare DM and OM digestibilities of SER and SER-PEG with those of ALF and GRASS in regard to infl uence of factors such as forage cell wall structure, concentrations of chemical fractions such as NDF, and amount of intake as affecting ruminal residence time. Nonetheless, on the basis of intake of digestible OM, DE, and ME, the nutritive value of Sericea lespedeza appeared similar to alfalfa and sorghum-sudangrass in both forms, and even greater when PEG supplemented hay.
Methane
Methane emission by ruminant livestock is between 2% and 11% of GE intake (Johnson and Johnson, 1995) , although greater upper levels, such as 13%, have been cited (Chaves et al., 2006) . Values for ALF and GRASS are in the middle to lower range of literature values, which may in part relate to measurement of ruminal, rather than whole body, emission. There are few reports available concerning methane emission by goats. Animut et al. (2008a) reported ruminal methane emission by meat goats with ad libitum consumption of sorghumsudangrass, similar to GRASS in the present experiment, of 8.8% of GE intake. Animut et al. (2008b) fed meat goat wethers Kobe or Sericea lespedeza, or both, and found methane emission of 2.4 to 2.8% of GE intake without and 4.4 to 5.1% with polyethylene glycol. Methane emissions similar to those of the present experiment have been noted with other ruminant species consuming forage diets as well. Carulla et al. (2005) reported whole body methane emission of 4.9 to 5.3% of GE intake by growing wether lambs with ad libitum consumption of ryegrass (Lolium perenne) alone or mixed with red clover (Trifolium pratense) or alfalfa. In a winter feeding phase with growing beef cattle consuming alfalfa-grass silage diets ranging in NDF concentration from 46 to 61%, ruminal methane emission averaged 5.1 to 5.9% of GE intake (Ominski et al., 2006) . However, in a subsequent 56-d pasture phase with grazing of primarily grass pastures but with low to moderate amounts of forage mass, values were greater (6.9 to 11.3% of GE intake). For yearling beef heifers grazing alfalfa or grass pastures, with ad libitum daily access to new forage material, slightly lower values with a narrower range were observed (4.6 to 6.6% of GE intake; Chaves et al., 2006) .
Although methane emission is most commonly expressed in the literature relative to GE intake, the most meaningful expression is relative to intake of digestible OM or DE because of high correlation with ruminally fermented OM. On these bases, ruminal methane emission was similar between ALF and GRASS with both forms of forage. Animut et al. (2008b) discussed literature comparisons of methane emission with diets of legumes, grasses, and mixtures, with the conclusion of inconsistent fi ndings. Results of the present experiments suggest that most or all of differences between lespedeza and grass diets in methane emission noted by Animut et al. (2008a) were due to CT, with little to no contribution of forage type (i.e., legume vs. grass).
Particularly with hay, PEG did not increase ruminal methane emission relative to intake of digestible OM or DE to amounts noted for ALF and GRASS. This is somewhat contradictory to fi ndings of Animut et al. (2008b) , although that experiment did not entail a direct comparison of PEG supplementation of a CT-containing legume with a legume very low in CT. Furthermore, Belenguer et al. (2011) noted some effects in vitro of PEG on the bacterial community structure with a corn-grain substrate without CT presence. Hence, it is possible that PEG affected ruminal conditions not related to CT. Nonetheless, based on differences in methane emission of SER vs. ALF and GRASS, it does not appear that PEG totally prevented effects of CT on ruminal methane emission. Perhaps, not all CT were bound by PEG or CT affected ruminal microbial methane emission before binding to PEG. Animut et al. (2008a,b) suggested that CT decrease ruminal methane emission by direct effect on the number or activity of methanogenic bacteria, with probable involvement of a decreased number of ciliate protozoa. Likewise, it is not possible, based on results of the present experiments, to conclusively partition CT effects on ruminal methane emission between methanogenic bacteria and ciliate protozoa. However, in vitro methane production in Exp. 2 with hay refl ects effects of CT on methanogens, without direct infl uence of protozoa. In both of the present experiments, PEG increased the number of ciliate protozoa to an amount similar to that for ALF. Hence, the amount of unbound CT necessary to impact the number of ciliate protozoa could have been less than that required to directly affect activity of methanogenic bacteria. Alternatively, the length of time that CT were in the rumen before binding to PEG necessary to affect the number of ciliate protozoa could have been less than needed to have direct effect on ruminal methanogenic bacteria. In support, Animut et al. (2008a) found that effects on methane emission per unit of CT increased with decreasing total dietary amount of CT.
Magnitudes of effects of CT in Sericea lespedeza on methane emission relative to DE intake were moderate compared with previous research with goats. The value for SER with fresh forage was 79% of that for SER-PEG and 71% of the average of ALF and GRASS means. With hay, methane emission relative to DE intake for SER was 89% of that for SER-PEG and 66% of the average of ALF and GRASS means. Previously, the value for a diet of fresh Kobe lespedeza with 15% CT was 52% of that for a diet of sorghum-sudangrass (Animut et al., 2008a) . Similarly, Animut et al. (2008b) reported that methane emission relative to DE intake with diets of fresh Sericea lespedeza, Kobe lespedeza, a mixture of these forages, and Kobe lespedeza plus quebracho tannins with supplemental PEG averaged 55% of that without PEG. It is unclear why fi ndings differed between this and previous studies. Because methodology was very similar, perhaps there were differences in CT activity. Source of CT in the study of Animut et al. (2008b) did not infl uence methane emission but did, however, affect apparent total tract N digestibility.
Energy
That intake of ME for SER was similar to or greater than values for ALF and GRASS with both forms of forage, with CT amounts in Sericea lespedeza of 15% and 20%, depicts the considerable ability of goats to use forage high in CT. Nonetheless, the trend for an increase in ME intake when PEG supplemented Sericea lespedeza hay refl ects the importance of potential negative effects of CT on digestion. Such effects could impact animal performance, as may have been refl ected in a marked increase in ADG by meat goat doelings grazing Sericea lespedeza when PEG was supplemented (Merkel et al., 2003) . Potential adverse effects of CT in forages, such as Sericea lespedeza ,on digestibility can be at least partially offset by an increased ME concentration, primarily because of decreased methane emission but possibly also via less urinary energy as noted with fresh forage. Even with the moderate reduction in methane emission compared with previous studies, ME as a percentage of DE averaged 5.3% and 2.8% units greater for SER vs. ALF and GRASS with fresh forage and hay, respectively.
Conclusions
Condensed tannins in Sericea lespedeza elicited a moderate decrease in ruminal methane emission by meat goats to a similar extent with fresh forage and hay. Digestibility was low for lespedeza compared with alfalfa and sorghum-sudangrass diets, but this was compensated for by relatively high forage intake and, to a lesser extent, low ruminal methane emission. Forage CT warrant further study as a potential means of decreasing ruminal methane emission.
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